General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



N.MjA CR 135243 
Technion TMK -312 


:A-CR-1 IS 24 1) 
iONJr P<\DTM 
(Tcchnion - Isn^l 
»0V"F A01 


RADIAL rrpcts TN 

FACf SFM Final 
lns=t. of lech.) 


A 

P** port 

’ ' 

CSC! 11F 


m/i7 


V7P- 124 1C 

Unci as 
32fl If 


RADIAL FORCES IN A MISALIGNED 
RADIAL FACE SEAL 


I Etsion 

Tcchnion - Israel Institute of Technology 
Haifa, Israel 


i repared for 

NATIONAL AKRON UVICS ALT Si'ACt Ai - MI N ISTR ATION 
Lewis Research Center 
Cleveland, Ohio 44135 

August 1977 


Grant NSG-7317 


1 Report No 2 Government Accom**'* No 

NASA CR -135243 

3 Hrt ipient A Catalog No 

4 Title and Subtitle 

RADIAL FORCES IN A MISALIGNED RADIAL FACE SF Ala 

b Report Diti 

August 1977 

6 Performing (>f<j«ri./4t>00 G>«fr* 

A • * 

I. Etsion 

8 Pe’formmq Organization Report No 

TMF-312 

to Work linn No 

9 Performing Org*n./«tion Name end Address 

Technlon - Israel Institute of Technology 
Haifa, Israel 

11 Contract or C.rinl No 

NSG-7317 


13 Type of Refrort and Period Covered 

Contractor Report 

1? Sponyormg Agein:y Neme end Artdreyy 

National Aeronautics and Space Administration 
Washington, D. C. 20546 

14 Sponsoring Agency Code 

1 1* Supplements , Note* 


Final report. Project Manager, Lawrence P. Ludwig, Fluid System Components Division, 
NASA Lewis Research Center, Cleveland, Onto 44135 


16 Abstract 

Radial forces on the primary seal ring of a flat misaligned seal are analyzed, taking into 
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produce a radial eccentricity which generates inward pumping. .'Ithough the radial force is 
usually very small, in some cases it may be one of the reasons for excessive leakage through 
both the primary and secondary seals of a radial face seal. 
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SYMBOLS 


C 



J 

P 

R 

r 

u 

v 


x,y,z 


acal clearance alonq centerline 
radial hydrodynamic friction force 
nondimensional force, Fj/6ww(^) r Q J 
radial hydrostatic friction force 
nondimensional force, F g / nr Q C (p^-p Q ) 
film thickness 

inteqrals defined in eqs. (36) and (37) 

given by eq. (39) 

pressure 

nondimensional radius, r/r () 
radial coordinate 
tangential velocity 
radial velocity 

cartezian coordinates (Fig. 2) 


Y 

e 

c 

6 


U 

1 


CJ 


angle of tilt 

tilt parameter, Yr o /C 

CR 

m 

angular coordinate 
viscosity 

radial shear stress 
tangential shear stress 
rotational angular velocity 


Subscripts 

d - hydrodynamic component o - outer radius 

i - inner radius s - hydrostatic component 

m - mean radius 

iii 


INTRODUCTION 


Much attention has been paid in the last two decades to 
the problem ot radial face seals operating mechanisms. In 
particular, axial forces, which separate the primary seal 
faces, and tilting moments were studied. However, radial 
forces which may cause a radial displacement of the primary 
seal ring have oeon totally overlooked. 

The secondary seal in a radial face seal (Fig. 1) is usually 
an elastic member such as an O rinq or a piston ring. Its main 
task is to prevent leakage via the radial clearance between 
the primary seal ring and the seal housing. Due to its flexi- 
bility, however, it also permits radial displacement of the 
primary seal ring. It was previously shown (1), (2) that radial 

eccentricity combined with angular misalignment of the primary 
seal ring affect the leakage through the primary seal. Radial 
forces may well be the origin ot radial eccentricity and hence 
directly influence primary seal leakage. The radial forces 
also press the flexible element of the secondary seal against 
one side of the seal housing while relieving the pressure on 
the opposite side. As a result, the flexible element may lost' 
contact with the rigid surface and the secondary seal starts 
leak l iim . 

In addition to their influence on leakage, radial forces 
may also affect the dynamic stability of the seal. In two re- 
cent papers (3), [4J the dynamic behavior of a radial face seal 
was treated and the axial friction foice in the secondary seal 
was considered. This friction provides damping of axial anil 
angulat vibrations of the primary seal rinq and is dependent 
on the radial pressure exerted by the primary seal ring and 
seal housing on the flexible element of the secondary seal. 
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tadial for co* winch affect the d i s 1 i ibut ion of this radial 


pressure have a direct influence on seal stability. 

doth hydrodynamic and hydrostatic effects can produce radial 
forces m a misaligned radial face seal. The hydrodynamic com- 
ponent is due to nonaxisymmet r ic t.wniential and radial ahem , 
and the hydrostatic component is mainly due to nonaxi symmet r i c 
hydrostatic pressure distribution l f » ] . 

In order to establish a bottoi understanding of radial fact* 
seal mechanism of operation the problem of radial forces in 
a misaligned seal is being pursued m this paper. It is believed 
that such an analysis, which so tar has been missing, will prove 
helpful in further studies of a realistic seal model. 



ORIGINAL 
OF POOR 


pagk is 

qUALPP^ 


ANALYSIS 


Applying the usual assumptions of the theory of lubrica- 
tion |6], the momentum equations for laminar flow are, in polar 
coordinates, given by 


v 1 <)p 

3y ” dr 


( 1 ) 


3' U 1 dp 

rt y • 41 r 3 6 


(2) 


Integrating twice, and using the boundary conditions (see Fig. 2), 
v * 0 at y » 0 and y = h 
u * 0 at y = 0 

and 

u = uir at y * h. 

We have, for the radial and tangential velocities. 


v = I? y(y * h) 

and 

u = 7u r S y(y - h) + wr ft 


The radial and tangential shear stress components are 


T 


r 



1 d£ 

2 3r 


( 2y-h) 


(5) 


and 



1 dp 

2r dO 


( 2 y — h ) 


+ 



( 6 ) 


Seals usually have radius ratios, r^/r^, close to unity, 
in which case it is common to use the narrow seal approximation 
and neglect the circumferential pressure gradient. Hence, for 
narrow seals, the shear stress on the primary seal ring, at 
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u ■ wr at y * h. 

We have, for the radial and tangential velocities , 


v - ^ y(y-h) (3) 
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u - h ? $ y(y_h) * wr ft (4) 
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and 



2 3r 
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Seals usually have radius ratios, r ( /r ( , close to unity, 
in which case it is common to use the narrow seal approximation 
and neglect the circumferential pressure gradient. Hence, for 
narrow seals, the shear stress on the primary seal ring, at 
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y - 0, is 


( 7) 
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The pressure p is obtained from the Reynolds equation which, 
for a narrow seal and incompressible fluid, has the form 


3 

T7 



fc w r 


dh 

TtT 


(9) 


Eq. (9) is linear in p and hence can be solved separately for 
the hydrodynamic and hydrostatic pressure distributions. Each 
pressure distribution can then be separately integrated to 
obtain the various performance characteristics of the seal, 
including the friction force. In (5) and [ 7 1 solutions of eq. 
(9) are presented for the hydrostatic and hydrodynamic pressure 
components , respectively : 


h ; h* 

( Pi" p o ) h^7T l rr " 11 * P C 


( 10 ) 


and 


o 1 


(r -r) (r-r ) 

p, 3;,u)CR m — - — l suit) 

a m 


FTTv 

m 

where h, the film thickness for a misaligned seal (Fig. 2), is 
given by: 


(ID 


h * C + >rcos0 


( 12 ) 
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Prom ilO) it im cleat that the hydro* t at ic pressure, 

p . , is symmetric about t hi* lino BH iPig. )) which connect* thr 
point* of maximum and minimum film thickness. Hence , the radial 
shear stress, i r , due to the hydrostatic pressure, in also 
symmetric about that line. A a result, the hydrostatic sheai 
force ha* a component only along the / axis. This component 
is in the positive .* direction: 

H r o 

(P ) • - 2 / / t costirdrdS ( 1 3 > 

8 * 0 r r 

Prom oqs. 110) and (1J) we find 
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■ I 


h* h* . 

* Vo ] — jpr- 

O V 


(14) 


Hence, from eg. i?) the radial hydrostatic shear stress is 

h *’ h - 

. 1 o > CO s 

(p -p * : T' i-<t T - t ■ 

r ' i * o h* -h* h* 
o 1 


1 15) 


Substituting eg. (l*>) into eg. 1 1 » > and neglecting curvature 
e t t cot s 

<V • " 2r m (p r p o ) •' • “ drdt? < lf ' 

* 0 r t o i 


where r m is the mean radius v r v * 1 *• Integrating first over 

the radius we have 


o 

dr 

r t IT- 


1 ,1 

YCOSB IT 
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1 _ 
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and eg. ilt>) becomes 
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The turn thickness » h. in eq. iX2 ) can be written in the 


torn 


h C ( 1 ♦! Rood 0) 


w! ' oro 1 ’* ■' tilt parameter 
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m‘ 
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f T 7 TT 
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( 19 ) 
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Flom the Journal Bearing Integral* 


18 ) 


co*t> . . " . - , - i ; 

= d 0 - -.hi- . •) -i) 

0 1 ♦ , cost* t 


(.’ 1 ) 


cos 0 . . « - ‘ * 

1 : Jo r-iii-. •) -i) 

0 1 * Oi'si 1 . • 


(22) 


cos 


- » i 




“ do • — l ■. ♦ . I 

0 1 ♦ i COB 0 ~ ’ 


(2 ') 


Substituting eq, (I'M intoeq. (17) >v .h( ut 
V lelvls 


USUUJ eq*. (21) tv' (2 1) 


'►V 


. ' V nr Jm-r *.* 1 ’.im-i . R si, 

m k V 1 : 


( 24 ) 
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mm i 


UK. , 
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ttu radial hydrostatic force in the * direction become* 


’ r o C »V p l ,f . 

where F. i* a dimensionless force given by 

1 • i -»/• l " R i 1 i 

F „ • r>“-‘ V • j r i 

A simpler expression can be obtained for small values of 
by the approximat ion 


(2b) 


(27) 


(W-Rif * • 1 ♦ i* *Ri t^8) 

m 2 m 

Substituting eg. (28) into eq. (27) yields tor very small tilt? 

r » V R 1 (29) 

s 2 m 


From eq*. (27) and (2‘>) it can be seen that F s is always 

positive. Hence, the direction of (F ) as given by i2t») de- 

2 

pends on ip^-p ) . When the high pressure is on * **.« inside 

periphery of the seal Ip^-p^-O, and hence, by (2s), (F^) 0, 

which means that the radial hydrostatic force acting on the 

primary seal ring is directed towards the point where '-0 (so.- 

Fig. 2'. When th»- high pressure is on the outside, (p n^) 0, 

and (F > is directed towards the point t) 

8 r 
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Hydrodynamic Component 

Assuming a full fluid film condition, the hydrodynamic 
pressure, p^, given by eg. (11) is ant isymmo trie about the 
line HB (Fiq. 3). Hence, the radial hydrodynamic shear stress, 
i r , which is also antisymmetric about that line, produces t n« • 
torce only along the x axis. The film thickness, h, is symmetric 
about the line HR and therefore, by eg. (8), is also sym 
about that line resulting again in a net force along the x i 
The total hydrodynamic friction force in the positive y. di r> e 
tion is (see Fig. 3) 

r o 

IF.) ■ - 2 j j (r sint* ♦ r ,cos8)rdrd0 . 

X 0 r i 

From eqs. (11) and (12) 


ip . h h.-h h 

r a _ , o i s il n 

• r m h h’ cost- 

m 


( 31 ) 


Hence, from eg. (7), the radial hydrodynamic shear stress i 


i ^o^i sint* 

r 3 k ‘ wr m h cos" 

ro 


( 32 ) 


From eg. 18) the tangential hydrodynamic shear stress, h. 
curvature effects are neglected, is 


puir 


m 


( 33 ) 


Substituting eqs. (32) and (33) into eg. (30) and neglecting 
curvature effects, we have 


n o h h , -h h i „ . 

(F d’ * ‘-'n, l I ‘^7 V 1 - S^T 1 - TT>“ • 

x u r ^ m 

8 


( 34 ) 
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Integrating first over the radius, noting that r 


- eC/r Q , yields 


(F d> 


6uwr^(^) RM /Ul-» l ) co .4(lJiS So«ftr 


m 


(35) 


sin 2 6 Utcosft , } 1 . l + » cosh . . 

ccos 5 0 * n 1 + t R^cos-t ^ d ^ TT Cn 1+c h~cosO 


The first integral of eq. (35) represents the contribution of 

the radial hydrodynamic shear stress to (F.) . The second Integra) 

a x 

is the contribution of the tangential shear due to the angular 

velocity. 

In order to integrate eq. (35), we define the integrals 


I; (R,6) 


r - * n0 

“ / 7 , • T 


In ( l+eRccs 6 ) dQ 


ecos 


»■ £n ( 1 + *: RcosO) 


+ 


R£n 


l + t_Rcos^ 

E COS ^ 


and 


U ( 0 ) 


/ 


sin 6 d 6 

cos 6 ( 1 + eR cos 6 ) 
m 


f n 


1 + 


tR COSB 

m 

i cos 9 


(36) 


(37) 


We • .so define the sum 


J( 6 ) « I, (1,0) - 1 1 CR i # 9) - (1-R 1 )l2(0) (38) 

where 1 1 (1,9) and Ii (R i ,0) are obtained from eq. (36) by sub- 
stituting R=1 and R=R i , respectively. Thus, J(0) becomes 


J(0) 


ecos 6 


In 


1 -pecos 6 
1 + eR. cos •> 


+ £n 


1+ ecos 6 

1+eR cose 
m 


- R. £n 

l 


l+eR^cos& 

1+eR cos* 
m 


(39) 


Integrating by parts the two terms within the first integral 
of eq. (35) and using eqs. (36) and (37) , we have 


/ 


sin 2 6 dt; 

cos 6 (l+eR cosft) 
m 


I 2 ( 8 )sin 6 - / I 2 (0)cos0d0 


(40) 
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and 


/ - - l - n T T in ( 1 + e Rcos0) da - T,(R,0) B inU - / I , ( R, C) cosedO (41) 

(L CO 8 U 


Hence, from eqs. (40), (41) and (38), eq. (35) can be written 
in the form 


( p d , x * 6uu,(^)rJ F d 


where F (j is a dimensionless force given by 


(42) 


F , » R ( -J ( 0) sinQ 
d m 


n it 


0 + / J ( 0) CosQdfl - ^ J tn (43) 


The first term in eq. (43) vanishes at both limits of integra- 
tion. Thus, substituting eq . (39) into eq. (43), we have 


" .1 „ 1+ecose . ___ n(n 1+e cos 6 

k m i F £n IF, R cosh + cos 6ii.n 


(44; 


1 + tR.COSe . " , a 

Rjcosetn ^ J »n del 


.a 


The first and last terms in eq. (44) can be readily integrated 
using the result [ 9 J 


/ in ( 1+t Rcos0) d6 * Ttin 


1+ ( 1-c 2 R 2 ) 1/2 


(45) 


For the other two terms in (44) we integrate by parts, which 

gives 

IT 

/ 

0 

From [ 8 ) , we find 


TT • 2 

/ cos 0 In ( 1 + lRcos 0) dB = eR / : - S1 ? ' . d0 

n i IrtKCOSB 


( 46 ) 
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OK KOOK QUALITY 

(l-t , R , ) , / , | . 


(4 7) 


Combining . |h. (45), (4t.) and (4 7) with *#q. i44), the luml 
result tor the nondimena tonal hydrodynamic force in obtained: 



2 ku 

3 lMI-t'Rj) '/■ 
-jj^ 11 - (1-t 1 R^» '/* )V 


(1-. *) '/* ♦ (1-, *Hj) »/> 

(40) 


A simpler expression for this radial hydrodynamic friction tor*-.-, 
Kj, can be found for small tilts by usinq the approx imati on s 

(1-c *R*) »/* - 1 - y« and ln(l - j • : R ; ) - - i . **R J 

Eq. ( 4 H ) t tuis becomes for very small tilts 


F 


d 


n i 

TT 


R* ( 1~R ■ ) 
m i 


( 44 ) 


where a positive value of F ( mean* that the force, , actinq 

x 

on the primary seal rinq is directed towards the point 
0 • 3,./2 IFiq. 3) . 

It should be noted that it the radial shear stress, t ( , is 

omitted in eq. (30), the nondimensional hydrodynamic force F, 

d 

■ • -ciimes 


F 


d 



fn 


1 + ( 1 -. ; ) 1 * 

!♦( 1-t 1 R* ) 1 


( 50 ) 


which, for very small tilts, is approximated by the same oxpn 
sion as in eq. (49). This indicates that the radial hydro- 
dynamic friction force is mainly due t o the anuulai velocity . . 
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The results tor the nondimensional radial toicv components 

? and f. calculated from eqs. 127) and (48) are presented in 

a d 

Table 1 and Figs. 4 and b. These results covet the whole ramie 
ot anqulai miaal ignment from t *0 to t - l and radius ratio, 
rj/r . from o.B to 

The nondimenaional hydrostatic (orce, F , is nearly in- 
dependent ot the radius ratio and varies almost linearly with 
i (Flq. 4). The lineal behavior becomes more pronounced as tin 
radius ratio increases. An interesting result is that the 
expression tot very small tilts (eq.t29)) F > R* 2 i also a 
good approximation at high tilts, even up to <1. Fot example, 
at r ( r >0.B amt , 1, the difference between t he mall tilt ex 
press ion ter P and the complete one given by eq. (27) is only 
2,5 percent; this deviation decreases further as i ( i () increases. 

The nondimensional hydtodynamic component , l j, is more 
strongly influenced by both the radius ratio and the angular 
misalignment. As seen in Fig. r > , P ( increases both with in 
creasing tilt parameter and with a smaller radius ratio. 

The hydrostatic and hydrodynamic components of the radial 
friction force acting on the primary seal ring art* perpendiculai 
to each other. The hydrostatic component , F , acts along the 
line Mb which connects the highest and lowest points ot the 
primary seal ring. when the high pressure is on the inside 
periphery ot the seal, F is directed towards the point ot maximum 
film thickness; when the high pressure is on the outside pen 
phery, F acts in the direction ot the minimum film thicknes* . 

The hydrodynamic component , lj. is always diiocted toward- 

the point e t . Hence, the resultant radial t orce is. alway- 

12 


directed towards t he region *<0*2*. As tai as leakage is con - 
corned, a adial di Hplacement ol the primaty seal i ing in the 
region "* 0*21 will produce inward pumping (1], (2), provided 
that 0 is measured in the direction of w beginning f rom the 
point of maximum film thickness (see Fig. 2). As stated above, 
the hydrodynamic component, F^, i s always directed toward-; th< 
point 0 3r This hydrodynamic force can cause inward punping. 
Indeed, inward pumping in radial face seals has been experiment il \ 
observed by several investigators ( 1 ) , (1 of. The intensity oi the 
inward pumping depends on both the magnitude and direction of 
the radial eccentricity vector of the primary seal ring [2). 

This radial eccentricity vectoi depends on the hydrostatic and 
hydrodynamic forces . 

For a numerical example, considei a seal having the follow- 
ing dimensions and operating conditions: 


outet radius, r^, cm 5 

radius ratio, r x /r > 0. k * 

seal clearance, C, cm 0.0025 

angular velocity, u>, rad sec 100 

fluid viscosity, u, N-sec nr I.ii3xl0 

pressure differential, t j ~1' 0 ) # N m ; 10* 


For this seal, the maximum forces which occui at i 1 are 
F 8 1.79N and F^ 1.7^ N. donee, t hr total radial force is 
2 . 5N at an angle 0 -44 deg. A radial force of this magni 

tude is a very small one and would be even smaller for value 
of i less than unity. Thus, depending on the flexibility ot 
the secondary seal member, the effects of the radial force:-. 


l » 


may be negligible. This has to be examined individually tor 
each <• » • . It, tor example, the outer radius is doubled, the 
resultant radial iorce at i l now becomes 14. 4N at an angle 
0 - - 7S deg. The force would become oven hiqher for a smaller 
seal clearance, C, and hiqher angular velocities. 

Radial force etfocts appear to be more pronounced when 
the high pressure is on the outside periphery ol the serai. 

This is because such an arrangement is inherently unstable l 5 1 
due to nonrestoring hydrostatic moments which tend to increase 
any angulat misalignment and thereby laise the magnitude of 
the radial forces. 
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CONCLUDING RL MARKS 


Radial forces which result from both hydrostatic and 
hydrodynamic effects are analyzed for a misaligned radial 
face seal. These forces are usually small and in many cases 
can be considered to be negligible. When the radial forces 
are large enough to cause a radial displacement of the primary 
seal ring, they will generate inward pumping. Such a radial 
displacement may initiate leakaqe via the secondary seal and 
also affect the dynamic stability of the primary seal ring. 

It is postulated that radial forces effects are most pro- 
nounced when the hiqh pressure in on the outside periphery 
of the seal. Ir. this case the inward pumpinq adds to the hydro- 
static leakage and may cause seal failure due to an excessive 
leakage . 
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C. 9 

1 • r 


а. 64 3 
A. a 8 * 
A. 1 ?« 

1 7j 
'.?|4 
".’37 

б, 366 
a . 34 4 
a. 388 
A. 4 36 


A . A* 4 

A .0 • 3 
A.A?» 
a ,6?a 

6.633 
A .A 49 
A. A*«i 
A .A OA 

A. 1 3* 
A . 38 3 


A .AC6 
A .0 l 1 
' .A ?6 
A .A 38 
A . A 3 «• 
A .A 49 
5 .065 
a .0 9A 
a . I 35 
a .379 


A.9A C.l 

A. 2 

'*.3 
A. 4 

A. * 
A. 6 

A. 7 

A . « 

C. 5 

1 . A 


r .'4S 
O 9 * rj * 

a. 1 35 

".131 

a. ??6 
r »9Ti 
A. 31 6 
A . 36 -> 
A . 4 A q 
A. 486 


6.668 
a « r 6 q 

а. a 1 4 

A .A ?6 

б . 633 
A .6 -.6 
A . 6 4 3 
A .668 
A . 1 66 

A . 34 3 


A .005 
A .f OO 
A .0 1 4 

A .0 27 
A .A 36 
a .0 48 
a ,A 63 

a . 105 

a . 34 ? 


r . 1 

A. 646 

A. 2 

6. 6Q3 

A. 3 

A. 1 38 

P • 4 

A. 1 84 

A. 8 

A. 336 

A. * 

A , 333 

f . 7 

A, 3*3 

a . e 

A . 369 

A. 9 

a . 4 | 6 

1. A 

A. 464 


6,664 

A .AO4 

A.A6q 

6 ,00 8 

A.A|? 

■).0|2 

A .6 1 3 

* .A J 7 

a. a?3 

A .a?3 

6.636 

A .6 36 

6.646 

A ,0 46 

6.6R3 

* .0 8 7 

6 . 666 

A .689 

A . 3? 3 

A .319 
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V r o 

c 
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f d(T r »i 
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C. 1 
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",fOI 


f.? 
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n .ppp 
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p . p i o 
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a ,p 3 ■» 
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o 
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p . p 40 

* ."*S 
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p . a tp 

i,rr.’ 


i • <* 

\4n 

"•?0-» 

".iHJ 


P. «*t» f • 1 

", "4* 

p . p « -» 

* .rn ^ 

r.? 

".pop 
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o .no * 

<“.d 

".1*4 
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Sf«*) 

f • * 

MO.’ 

o .poo 

0 ,p( , « 

f • 5 

p. 3*0 

"."1 ? 

p .' 1 • 

*.4 

", ’p* 

".pip 

!* .0 l-> 

<■* T 




p . e 


o .p * i 

".All 

r. o 


o.poi 

p .o*s 1 

1 . e 

P , * O'* 

* 

" .344 


P. 0* 

r. t 

P. "40 

" ."" 1 

P .00 | 


f. 3 

*, "04 

P.PP? 

p .pp " 


P.3 

". 1 * " 

p .op 3 

p .pp » 


r. * 

P.!<»fr 

O ,"PO 

p .POP 


p.5 

p . "40 

o .P"P 

p ,ppp 


f . * 

P, "04 

O , PO 4 

3 ,P0*» 


f . ? 

",U1 

" 1 1 

" .0 l 1 


P. H 

P,TJ» 

"•"11 

" .0 1 1 


P . «J 

P.441 

P . P »<* 

p ."?•* 


1 . P 

P . 401 

".IP" 

p . 1 pp 


p. 94 

C. 1 

p. "«.p 

p .pp 1 

p .pp 1 


f. ? 

P. POO 

p .pp 1 

p .f p 1 


f . 3 

p. 1 40 

p .PA ** 

P ,(*p P 


P.« 

". 1 OP 

p , pp A 

",fp? 


r. 5 

P . "4 * 

P .PP 3 

p ,r p i 


f. p 

p. ."or 

p , pp 4 

P ,*P 4 


r . y 

p. 34 r 

A # AA* 

p .0 Op 


r . h 

P. lop 

p . aa a 

p ,0PP 


C. t 

'•,440 

P ." 1 4 

."14 


1 . p 

P, 400 

".13’ 

*.131 
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Figure 1 - Radial Face seal, Identifying nomenclature. 
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